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ABSTRACT

A subgroup of childhood-onset obsessive-compulsive disorder (OCD) and tic disorders has
been found to have a postinfectious autoimmune-mediated etiology. Clinical observations and
systematic investigations have shown that a subgroup of children with OCD and/or tic disor-
ders have the onset and subsequent exacerbations of their symptoms following infections
with group A beta-hemolytic streptococci (GABHS). This subgroup has been designated by
the acronym PANDAS: pediatric autoimmune neuropsychiatric disorders associated with strep-
tococcal infections. Five clinical characteristics define the PANDAS subgroup: presence of
OCD and/or tic disorder, prepubertal symptom onset, sudden onset or abrupt exacerbations,
association with neurological abnormalities during exacerbations (adventitious movements
or motoric hyperactivity), and the temporal association between symptom exacerbations and
GABHS infections. The proposed poststreptococcal inflammatory etiology provides a unique
opportunity for treatment and prevention, including immunomodulatory therapies such as
plasma exchange and intravenous immunoglobulin. A placebo-controlled trial revealed that
both intravenous immunoglobulin and plasma exchange were effective in reducing neu-
ropsychiatric symptom severity (40 and 55% reductions, respectively) for a group of severely
ill children in the PANDAS subgroup. Further research is required to determine why the
treatments are helpful and to ascertain whether or not antibiotic prophylaxis can help pre-
vent poststreptococcal symptom exacerbations.
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CASE STUDY

APREVIOUSLY HEALTHY 51�2-YEAR-OLD BOY suddenly
developed obsessive-compulsive behaviors

while on vacation with his family. He was un-
able to get dressed one morning in the hotel, as

all of his clothes were “dirty” or not “right.”
He became very upset and asked his parents
continuously to look at his hands to be sure
“they were clean.” His reluctance to put on
dirty clothes forced his parents to buy a new
shirt and pair of shorts that he was willing to
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wear. During that day he continued to ask
questions about the cleanliness of his clothes.
He also requested reassurance for fears that he
had hurt someone or damaged something. “I
know I touched that table. Am I going to be
in trouble for it?” “I bumped into that man. Is
he going to die?” These obsessive-compulsive
symptoms continued throughout the remain-
ing 4 days of the vacation. During this time his
parents also noticed multiple motor and vocal
tics with nearly continuous eye blinking, eye
rolls, nose twitching, and mouth stretching. He
also made a frequent sniffing noise. None of
these movements or noises had been observed
previously.

Once they returned home it became appar-
ent that he had drastically changed from last
week’s easy-going child who had no school dif-
ficulties. On his first day back at school he asked
to be excused to wash his hands every 5 to 10
minutes. His teacher explained to him why he
could not do this, but he would come back up
again in 10 minutes. Although he had been a
model student for the previous 6 months, the
teacher now was unable to get him to sit and
focus on any activity without constant super-
vision and redirection. His parents also reported
that he began having episodes of nighttime
bed-wetting again after a year of being com-
pletely toilet trained and had frequent temper-
tantrums over almost nothing. He was able to
get through the day at school and at home but
only with constant reassurance and supervi-
sion from his parents and teachers.

His pediatrician evaluated him and found
no evidence of a new psychosocial stressor or
abuse. He recommended that they wait and see
where this behavior went, as he was able to get
to school. Two weeks prior to the onset of his
symptoms he had been diagnosed with a group
A beta-hemolytic streptococci (GABHS) throat
infection and had received a 10-day course of
amoxicillin. After 3 weeks he was brought to his
pediatrician for an evaluation for ear pain and
continued abnormal behavior. He was diag-
nosed with bilateral ear infections and again
treated with a 10-day course of amoxicillin. He
had no symptoms of sore throat, and no GABHS
testing was done at that time. Within 48 hours of
starting this second course of antibiotics, his ob-
sessive-compulsive, tic, and hyperactivity/inat-

tention symptoms began to decrease in intensity
and frequency. Within 1 week he had no obses-
sive-compulsive symptoms and only occasional
eye blinking and mild hyperactivity/inatten-
tion. Over the next 16 months the patient was
without further documented GABHS infection
and only occasional eye blinking tics with a
gradual return to his previous baseline of no hy-
peractivity or inattention problems.

GABHS INFECTIONS AND OBSESSIVE-
COMPULSIVE TIC DISORDERS

Through complementary research studies
conducted at the National Institute of Mental
Health on obsessive-compulsive disorder (OCD)
and Sydenham’s chorea (SC), researchers dis-
covered a shared etiopathogenesis between the two
disorders (Swedo et al. 1989a, 1993, 1994). SC
is the well-recognized neuropsychiatric mani-
festation of rheumatic fever in which patients
develop symptoms of chorea after a preceding
GABHS infection (Stollerman 2001). Although
the exact pathogenesis has not yet been estab-
lished, GABHS is known to be the inciting agent
in the development of rheumatic fever and SC
(Taranta and Stollerman 1956). The production
of antibodies to streptococcal antigens associ-
ated with the M-protein of GABHS has been
shown to cross-react with epitopes on neuronal
tissue. This has been proposed as a possible
etiology for the central nervous system sequlae
of SC (Bronze and Dale 1993; Husby et al. 1976).
It has also been postulated that the pathogene-
sis of chorea results from immune complex
disease produced by nondestructive antistrep-
tococcal antibodies that localize to the basal
ganglia and striatal areas of the brain (Husby
et al. 1976; Moore 1996; Swedo et al. 1994). The
same regions of the brain have been hypothe-
sized to be affected in OCD. Structural and func-
tional neuroimaging studies have demonstrated
abnormalities of the basal ganglia structures
and their related corticostriato-thalamocortical
circuitry in the pathobiology of OCD (Demirkol
et al. 1999; Hahm et al. 2001; Max et al. 1995;
Mordecai et al. 2000; Peterson et al. 1996) and
SC (Giedd et al. 1995).

There is significant symptom overlap in pa-
tients with SC and childhood-onset OCD (Allen
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et al. 1995; Chapman et al. 1958; Swedo et al.
1989a). For nearly three quarters of SC patients,
the neuropsychiatric symptoms include obses-
sions and compulsions identical to those seen
in childhood-onset OCD: contamination con-
cerns, worries about harm coming to self or
others; violent images; and checking, washing,
and arranging rituals (Swedo 1994; Swedo et al.
1989a, 1993). These obsessive-compulsive symp-
toms are reported to begin 2–4 weeks before
the onset of the adventitious movements, lead-
ing to speculation that OCD might occur as a
sequela of streptococcal infections, even in the
absence of frank chorea (Swedo et al. 1994).
This postulate was confirmed by prospective
observations of a large cohort of children and
adolescents with OCD (Swedo et al. 1989b). A
subgroup of pediatric patients with OCD was
observed to have an unusual clinical course
characterized by abrupt symptom onset and a
relapsing-remitting pattern of severity; often,
the symptom relapses followed streptococcal
throat infections or bouts of scarlet fever (Allen
et al. 1995).

There have also been studies documenting
the onset of tic disorders after infection with
GABHS. For example, exposure to streptococ-
cal antigens correlated with the onset of tics in
an Italian pediatric population (Cardona and
Orefici 2001). An association between a com-
munity outbreak of GABHS infections and a
10-fold rise in the number of children present-
ing with a new onset of tics has also been doc-
umented (Kiessling et al. 1993a).

CLINICAL CHARACTERISTICS OF THE
PANDAS SUBGROUP

The acronym PANDAS (pediatric autoim-
mune neuropsychiatric disorders associated
with streptococcal infections) was applied to the
subgroup of children who experienced obses-
sive-compulsive and/or tic symptoms after a
GABHS infection to indicate their common clin-
ical features and presumed pathophysiology of
symptoms (Swedo et al. 1998). The PANDAS
subgroup is identified by five clinical criteria.

1. Presence of OCD and/or tic disorder meet-
ing Diagnostic and Statistical Manual of Men-

tal Disorders, fourth edition (DSM-IV; Amer-
ican Psychiatric Association 1994), criteria

2. Prepubertal symptom onset
3. Episodic course characterized by acute, se-

vere onset and dramatic symptom exacer-
bations

4. Neurological abnormalities (e.g., choreiform
movements) present during symptom exac-
erbations

5. Temporal relation between GABHS infec-
tions and symptom exacerbations

The major distinguishing feature of the
PANDAS subgroup is the temporal association
between neuropsychiatric symptom exacerba-
tions and GABHS infections. A methodologi-
cal difficulty in establishing this association
stems from the fact that GABHS infections occur
so frequently during childhood that randomly
collected antistreptococcal titers are frequently
elevated (Kaplan 1996). Throat cultures may
also be spuriously positive, particularly during
the grade-school years, when up to 10% of stu-
dents are “strep carriers” (i.e., positive throat
culture but no serologic evidence of infection)
(Wannamaker 1972). A prospective longitudi-
nal evaluation is often the only means avail-
able to make the determination of whether or
not the child belongs in the PANDAS subgroup.
The relation between OCD/tics symptom exac-
erbations and GABHS infections is frequently
difficult to demonstrate retrospectively, because
medical records often fail to provide documen-
tation of the presence of GABHS infections. In
the original cohort, over 40% of the OCD/tics
symptom exacerbations occurred after an epi-
sode of pharyngitis for which no throat culture
had been obtained (Swedo et al. 1998). If physi-
cians diagnose pharyngitis as viral without ob-
taining a throat culture (the only means of
identifying GABHS infections), it not only ob-
scures the GABHS–OCD/tics relation, but also
raises concerns about the consequence of un-
treated or improperly treated GABHS infec-
tions in vulnerable individuals.

The PANDAS subgroup is characterized by
an unusually young age at onset of symptoms
(6.3 6 2.7 years for tics and 7.4 6 2.7 years for
OCD), male predominance (2.6:1), and abrupt
symptom onset (Swedo et al. 1998). In the orig-
inal cohort of 50 children, there was an equal
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representation of both OCD and tic disorders,
with 48% of the group (24 children) having a
primary diagnosis of OCD and 52% of the group
(26 children) having a primary diagnosis of tic
disorder. However, 80% of the children had
both tics and obsessive-compulsive symptoms.
The obsessive-compulsive symptoms of the
PANDAS subgroup were similar to those pre-
viously reported for childhood-onset OCD:
contamination fears; harm to self or others; so-
matic concerns; and washing, checking, repeat-
ing, and counting rituals. Tic distribution was
also similar to that previously reported, with
eye-blinks and facial tics predominating.

Neuropsychiatric comorbidities are common
among children in the PANDAS subgroup
(Swedo et al. 1998). Twenty (40%) of the first
50 children evaluated met DSM-IV criteria for
attention deficit hyperactivity disorder and/or
oppositional defiant disorder, 18 (36%) for major
depressive disorder, 14 (28%) for overanxious
disorder, and 10 (20%) for separation anxiety
disorder. Six children (12%) had enuresis—often
this was episodic and correlated closely with
periods of OCD/tic symptom worsening. At-
tention deficit hyperactivity disorder and sep-
aration anxiety disorder also appeared to relapse
and remit in concert with the OCD/tic symp-
toms. Choreiform movements were present in
25 of 26 children examined during an exacer-
bation (Swedo et al. 1998). Exacerbations of
OCD/tics were also accompanied by emotional
lability and irritability, tactile/sensory defen-
siveness, motoric hyperactivity, messy hand-
writing, and symptoms of separation anxiety
(Perlmutter et al. 1998; Swedo et al. 1998). This
constellation of symptoms was so unique and
consistent that the question arose as to whether
or not it defined a specific neuropsychiatric
syndrome. Such a pattern might also point to
specific abnormalities of regional brain func-
tion (Casey et al. 2001), which in turn could
increase our understanding of the pathophysi-
ology of OCD and tic disorders.

IMMUNOMODULATORY TREATMENTS
FOR THE PANDAS SUBGROUP

The pathophysiology proposed for SC and
PANDAS suggests that treatments, which in-

terrupt the autoimmune process, might reduce
symptom severity. Preliminary results for a con-
trolled trial of plasma exchange (PEX) and in-
travenous immunoglobulin (IVIG) in patients
with SC demonstrated efficacy of both treat-
ments (Garvey et al. 1996). A double-blind ran-
domized study compared PEX with IVIG and
sham IVIG (placebo) for the treatment of tics
and obsessive-compulsive symptoms in chil-
dren with PANDAS (Perlmutter et al. 1999). PEX
and IVIG were chosen because of their record
of safety and effectiveness in a variety of child-
hood and adult immune-mediated diseases and
because anecdotal reports demonstrated symp-
tom improvement in patients with infection-
triggered exacerbations of OCD (Barron et al.
1992; Guillain-Barre Syndrome Study Group
1985). Steroid therapy was not a viable treat-
ment option for children in the PANDAS sub-
group because tics and OCD have been reported
to worsen during steroid administration (Jonas-
son and Wilkinson 1993). Thus, children were
randomly assigned to receive PEX (5–6 single
volume exchanges on an alternate day sched-
ule), IVIG (1 g/kg on each of 2 consecutive
days), or sham IVIG (double-blind administra-
tion in a manner identical to IVIG).

Twenty-nine children completed the trial,
which found that both PEX and IVIG produced
dramatic improvements in obsessive-compul-
sive symptoms, anxiety, depression, emotional
lability, and global functioning. Clinical Global
Impressions (CGI) change scores revealed that
patients in both the PEX and IVIG groups were
much improved (CGI change = 1.9 6 1.1 and
2.4 6 1.1; mean improvement of 48% and 41%,
respectively). In the PEX group, symptom im-
provement was often observed near the end of
the first week of treatment, whereas in the IVIG
group, improvement was not usually seen
until 3 weeks after treatment. The PEX group
also appeared to have greater symptom relief
than did the IVIG group, with particularly
striking individual improvements seen for ob-
sessive-compulsive symptomatology. In con-
trast, placebo administration was associated
with little or no change in overall symptom se-
verity (CGI change = 4.1 6 0.6; mean change
of 22%).

Adverse effects of PEX were frequent but
mild among the 19 children receiving at least
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one course of therapy. The side effects of PEX
were limited to the duration of the procedure
(1–1.5 hours) and included dizziness, nausea,
and perioral tingling. In most cases, the discom-
fort occurred only during the first or second
exchange, and the remaining procedures were
tolerated well. The side effects of IVIG (nausea,
vomiting, and headache) seemed more prob-
lematic, as they often persisted for 12–24 hours,
whereas those related to PEX were brief and
limited to the procedure period. Of note, most
children undergoing PEX required a central
line for venous access. Central line insertion
carries the risk of significant morbidity, includ-
ing vascular perforation and infection, although
these are reported to occur rarely. Because of
these inherent risks, PEX is recommended only
for severely ill patients. The nationwide short-
age of IVIG presents a public health risk to im-
munodeficient individuals, so its use in the
PANDAS subgroup is not recommended.

The treatment gains of PEX and IVIG were
sustained over the long term. Over 80% of pa-
tients who received IVIG or PEX remained
“much” or “very much” improved at 1-year
follow-up, with their symptoms now in the
subclinical range of severity. These results are
particularly striking when considered in light
of previous reports of the intractable nature of
pediatric OCD and tic disorders. Long-term
outcome studies in OCD typically have found
that fewer than one third of the patients show
clinically meaningful symptom improvements
(Leonard et al. 1993).

The results of this investigation suggest that
PEX and IVIG may be beneficial to a subgroup
of patients with tics and obsessive-compulsive
symptoms, but these findings require replica-
tion. Further, the National Institutes of Health
study did not provide support for the routine
use of immunomodulatory agents in OCD and
tic disorders. In fact, a trial of PEX for five chil-
dren and adolescents with chronic, treatment-
refractory OCD (who did not meet criteria for
the PANDAS subgroup) found no benefit
(Nicolson et al. 2000). This lack of response sug-
gests that the benefits of immunomodulatory
therapy will be limited to those children whose
symptoms have an autoimmune etiology.

At present, the nature of the poststreptococ-
cal autoimmunity in the PANDAS subgroup is

unknown. Clinical observations suggest that
there may be a combination of local, regional,
and systemic abnormalities. The striking effec-
tiveness of immunomodulatory therapies, such
as PEX and IVIG, suggests that there is systemic
involvement, at least in severely affected indi-
viduals. Magnetic resonance imaging scans re-
veal enlargements of the basal ganglia, which
points to regional inflammatory changes (Giedd
et al. 1996).

Local autoimmune reactions are suggested by
the presence of serum antibodies that recognize
both streptococcal antigens as well as the basal
ganglia in patients with tic disorders and OCD.
Serum antineuronal antibodies were isolated
from patients who cross-reacted streptococcal
antigens and neurons from the human caudate
and neuroblastoma cell line (Kiessling et al.
1993b). In subsequent studies, antineuronal anti-
bodies with cross-reactivity to the streptococcal
antigens and human caudate and putamen were
found in children with Tourette syndrome but
were also present in 40% of the control group
(Singer et al. 1998). In more recent studies, chil-
dren with Tourette syndrome were found to
have significantly higher levels of antineuronal
and antinuclear antibodies compared with age-
matched controls (Morshed et al. 2001). There is
also limited research on these antineuronal anti-
bodies in animal models of Tourette syndrome.
Stereotypies and episodic utterances, felt to be
analogous to the involuntary movements seen in
Tourette syndrome, have been induced in rats by
intrastriatal microinfusion of serum gamma
globulins from patients with Tourette syndrome
(Hallett et al. 2000).

ANTIBIOTIC PROPHYLAXIS FOR THE
PANDAS SUBGROUP

The streptococcal pathogenesis of rheumatic
fever is supported by studies that demonstrated
the effectiveness of penicillin prophylaxis in
preventing recurrences of this illness (Massell
et al. 1988). A placebo-controlled trial of peni-
cillin prophylaxis among children in the PAN-
DAS subgroup was conducted to determine if
the prevention of GABHS infections would re-
sult in neuropsychiatric symptom improvement
via the prevention of poststreptococcal exacer-
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bations (Garvey et al. 1999). This study found
that penicillin was not superior to placebo as
prophylaxis against GABHS. Streptococcal in-
fections occurred frequently in both the active
(14 infections among 37 subjects) and placebo
(21 infections among 39 subjects) phases. How-
ever, the effectiveness of the penicillin prophy-
laxis appeared to have been compromised by
poor compliance, particularly during the first
year of the investigation when liquid prepara-
tions were used and the bad taste made it diffi-
cult for parents to give the medicine as directed.
Without a reduction in the number of GABHS
infections in the penicillin group, it was not
surprising that there were no significant differ-
ences in the number or severity of neuropsy-
chiatric symptoms between the penicillin and
placebo groups.

CLINICAL GUIDELINES FOR 
GABHS PREVENTION IN THE 

PANDAS SUBGROUP

The assessment for GABHS infection in a
young child with abrupt-onset OCD and/or
tic disorder should be done, and all positive cul-
tures should be treated promptly with a 10-day
course of penicillin or other appropriate anti-
biotic. This can be done by a simple throat cul-
ture for GABHS that is read at 24 and 48 hours
of growth, with or without a rapid GABHS an-
tigen test being done at the time of the visit. It
is important to perform a 48-hour culture on all
negative rapid GABHS antigen tests, as a neg-
ative test does not exclude the presence of
GABHS (Dajani et al. 1995). If the culture is
negative and the onset of the OCD and/or tic
symptoms occurred at least 4 to 6 weeks prior
to the visit, then a blood test for antistreptococ-
cal antibody titers (antistreptolysin O and anti-
deoxyribonuclease B) could be done to attempt
to document a preceding GABHS infection. If
the GABHS culture is negative and the titers
are found to be elevated, there is no indication
for a 10-day course of antibiotic treatment for
elevated antistreptococcal titers alone. The pros-
pective assessment for GABHS infections in a
child with an episodic course of symptoms
should also be assessed in the same manner
with the recurrence of the OCD and/or tic

symptoms. This is also true for a child with
OCD and/or tic symptoms who has had a sud-
den loss of medication response.

It is still unclear whether antibiotic prophy-
laxis benefits outweigh the potential risks in a
child with a documented GABHS association
with the onset or recurrence of his or her OCD
and/or tic symptoms. The decision to begin
prophylaxis with penicillin should be based on
a clinical indication in each individual child.
The prompt diagnosis and adequate treatment
of a GABHS infection in this subgroup of pa-
tients is clearly indicated. Treatment with im-
munomodulatory therapies (e.g., PEX and IVIG)
for children with severe symptoms who fit the
PANDAS description carries significant risks
and should be used only in research protocols
at this point.

CONCLUSION

The PANDAS subgroup is characterized by
abrupt neuropsychiatric symptom onset or ex-
acerbations following infections with GABHS.
A prospective longitudinal evaluation of symp-
tom course and GABHS infection in a child who
appears to fit the criteria at presentation is the
best way of confirming membership in the
PANDAS subgroup. Novel treatment and pro-
phylaxis regimens have brought us closer to our
goal of providing complete symptomatic relief
to acutely ill children in this subgroup, but fur-
ther research is required before such regimens
can be implemented in clinical practice. Until
that time, children in the PANDAS subgroup
should be managed with standard therapies
(e.g., serotonin reuptake blocking medications
and cognitive-behavior therapy) and followed
prospectively for GABHS infections. Once an
association between GABHS infection and neu-
ropsychiatric exacerbation is confirmed, aggres-
sive screening and early treatment for GABHS
infections should then become indicated ad-
juncts to the standard therapies.
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